In this paper we present a real space pairing glue for the iron-based layered superconductors. It is shown that two static electrons embedded symmetrically in two adjacent Fe plaquettes of the superconductor can be bound due to the Coulomb interaction. The pairing mechanism favors the existence of the pseudogap in the underdoped FeAs superconductors. A criterion is introduced to distinguish whether or not the pseudogap can open in a material.
based superconductors, and the 4a×4a and 4 √ 2a×4 √ 2a checkerboard patterns in hole-doped Ca 2−x Na x CuO 2 Cl 2 [11] . Although these results are in excellent agreement with experiments, disappointingly, they have been totally neglected by the community.
On the other hand, despite recent attention and greater efforts to understand the FeAs superconductors, there is no consensus on the origin of the 'superconducting glue' that binds electrons into superconducting pairs. It should be pointed out that most of the theoretical works are playing absolutely the same "mathematical and numerical games" which have been played intensively in cuprate superconductors. Undoubtedly, many theories about electron pairing and superconducting in the ironbased superconductors may also be on the wrong track [3] . We insist that in order to have a deeper insight into the forces responsible for Cooper pairs in the superconducting materials, the framework of k-space weakcoupling BCS theory should be abandoned and the original configuration of Cooper pairs (antiparallel spins and opposite momenta) should be modified [9] .
In the present paper, we aim to improve the suggested unified superconducting theory [8, 9] and extend the application of the theory to the pairing mechanism (glue) and pseudogap phase in Fe-based superconductors.
How are two negatively charged electrons bound into Cooper pairs in the iron-based superconductors? Theoretical and numerical studies have shown that superconductivity in these materials is associated with the FeAs layer which can be further subdivided into a square Fe lattice with the Fe-Fe distance a = a 0 / √ 2, where a 0 is the lattice parameter. The iron atoms are separated by arsenic atoms above and below Fe plane. As shown in Fig. 1 , when two static electrons embedded symmetrically into two adjacent Fe plaquettes of the FeAs superconductor with a distance 2∆, there is a long-range repulsive electron-electron Coulomb interaction 8 Coulomb forces exerted on electrons be eliminated so that the electrons can be in pairs? First, as shown in Fig. 1(a) , for two spin parallel electrons with a joint paired-electron magnetic moment M s = m s (1) + m s (2) = 2m s (where m s is the monoelectron spin magnetic moment), there is a magnetic dipolar attraction f m which is given by
Because of the short-range interaction characteristics of Eq. (2), as is usually the case F c ≫ F max m . It is then clear that other factors, which have the effect of weakening the long-range repulsive force f c , should be taken into account. We presume that the real-space confinement effect (electromagnetic interactions) in FeAS plane (see Fig. 1 ) plays a central role in suppressing the influence of the Coulomb repulsion between electrons. For the purpose of a simplified case, we consider the nearestneighbor (1 and 2) Fe-electron interactions
next-nearest-neighbor (3, 4, 5 and 6) Fe-electron interactions
and
The nearest-neighbor As-electron (7 and 8) interactions are also considered, as shown in Fig. 1 (b) , we get Now we have a general formula of the total confinement force F y (or −F ′ y ) applied to the electron of the pair in y direction as
Physically, when F y (or −F ′ y ) is equal to zero, it indicates a completely suppression of the Coulomb repulsion between two electrons. As a consequence, the electrons will be in the energy minimum bound state. Based on the analytical expressions (1)−(7), we draw in Fig. 2 the confinement force F y versus ∆ for LaO 1−x F x FeAs. This figure reveals one important fact: there are two special positions (∆ = 0.215a and 0.449a) where the localized Cooper pair (characterized by a pseudogap) can survive in the superconductor. Now we present a brief discussion of the doping dependence of the pseudogap phenomenon. At a rather low doping level, as shown in Fig. 3 (a) , the interactions among electron pairs can be neglected and the pairs can maintain their integrality (pseudogap phase) at a temperature T * which is higher than the superconducting transition temperature T c . With an increase in doping, the effect of the competitive interactions among pairs will emerge [see the lower right corner of Fig. 3 (b) ]. When the doping concentration reaches certain threshold values, the localized Cooper pairs (pseudogap phase) will be destroyed instantly due to the strong interactions among the crowded Cooper pairs, as shown in Fig. 3 (b) . In other words, for a given temperature, excess charge carrier concentrations in a superconducting material is harmful for pseudogap phase.
In an earlier article [9] , we showed that the charge carrier density for a doped superconductor is given by
where x is the doping level, (a, b, c) and (A, B, C) are the constants lattice (atoms) and superlattice (electrons) constants [9] , respectively. From Eq. (8), for a bulk superconducting materials, we can define a parameter (the average pair-pair distance ξ) as follows
For the quasi-two-dimensional layered superconductors (c ≫ a, b), we can define
The above parameters of Eqs. (9) and (10) can be used as the criteria for the existence of pseudogap phase in the superconductors. Many experimental results have indicated the existence of the pseudogap phases in the underdoped cuprate and FeAs superconductors, for example, La 2−x Sr x CuO 4 (LSCO, x = 0.15) [13] and LaO 1−x F x FeAs (LOFFA, x = 0.07) [14] . However, researchers find no experimental evidence for the pseudogap in conventional and MgB 2 superconductors. The nature of the pseudogap phase is still highly controversial. There are many models attempt to describe the mysterious pseudogap state. Strictly speaking, none of the proposed models is completely satisfactory. As discussion above, here we present a new approach based on the simple and natural picture of the real-space confinement effect of Fig. 1 , and the pseudogap is associated with the local structure and the charge carrier density in the superconductors.
According to the experimental data and Eqs. (8) and (10), the average pair-pair distances for La 2−x Sr x CuO 4 (x = 0.15) and LaO 1−x F x FeAs (x = 0.07) are ξ LSCO ∼ 13.88Å and ξ LOF F A ∼ 15.23Å, respectively. But MgB 2 (a = b = 3.086Å, c = 3.524Å and ρ s = 1.49×10
22 /cm 3 = 1.49 × 10 −2 /Å 3 [9] ) superconductor has a relatively small ξ MgB ∼ 6.17Å, which indicates a much strong pairpair interaction (∝ ξ −2 ) in the system. Here, we argue that when ξ < 10Å, the pair-pair interactions are strong enough to break up the electron pairs, and eventually closes the pseudogap in the sample. Normally, the value of the average pair-pair distance satisfies ξ < 5Å in the conventional superconductors, thus it should not be surprising about the non-pseudogap behavior in these materials.
In conclusion, it is found that the Coulombic interaction can play a key role for pairing glue for the iron-based layered superconductors. The mechanism reveals the existence of the pseudogap in a low doping FeAs sample (underdoped), which is in satisfactory agreement with recent experiment. Furthermore, we have introduced a criterion which can be applied to distinguish whether or not the pseudogap can open in a material. Finally, it should be emphasized that the suggested mechanism responsible for the pseudogap is not specific to the iron-based family and it may also be applicable to other superconducting and even non-superconducting materials.
